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DESCRIPTION

USER EQUIPMENT TERMINAL, BASE STATION AND CONTROL
INFORMATION TRANSMISSION METHOD

TECHNICAL FIELD
The present invention relates to a user
equipment terminal, a base station, and a control

information transmission method.

BACKGROUND ART

As a next-generation system of the W-CDMA
(Wideband Code Division Multiple Access) system and
the HSDPA (High Speed Downlink Packet Access) system,
an LTE (Long Term Evolution) system has been studied
by the standards body referred to as 3GPP (3*¢
Generation Partnership Project). In the LTE system,
a single carrier scheme (SC-FDMA: Single-Carrier
Frequency Division Multiple Access) has been studied
to be applied to uplink communications (see 3GPP TR
25.814 (Vv7.0.0), “Physical Layer Aspects for Evolved
UTRA”, June 2006, for example).

Fig. 1 shows an exemplary configuration of
an uplink communication channel in LTE. As shown in
Fig. 1, the system band is divided into plural
frequency blocks. The frequency block is also
referred to as a resource block, which is a minimum
unit for assigning a band. In addition, the time
domain is divided into transmission units referred
to as subframes. The subframe is further divided
into two slots.

The uplink communication channel includes
an uplink shared channel (PUSCH: Physical Uplink
Shared Channel) and uplink control channels A and B
(PUCCHs: Physical Uplink Control Channels). User
data are transmitted on the uplink shared channel.

The uplink shared channel is also referred to as a
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data channel. Control information such as channel
quality information (CQI: Channel Quality Indicator)
used for AMC (Adaptive Modulation and Coding) and
PMI (Precoding Matrix Indicator) representing
antenna weights in the case of MIMO (Multiple Input
Multiple Output) transmission is transmitted on the
uplink control channels A and B. It should be noted
that the uplink control channels A and B are mapped
to different positions in two slots within a single
subframe (frequency hopping is applied) (see R1-
070100, “CDMA-Based Multiplexing Method for Multiple
ACK/NACK and CQI in E-UTRA Uplink”, January 2007,

for example) .

DISCLOSURE OF INVENTION

[PROBLEM (S) TO BE SOLVED BY THE INVENTION]

As described above, CQI information is
multiplexed into the uplink control channel. The
CQI information includes system band CQI information
representing channel quality in the whole system
band and frequency-selective CQI information
representing fluctuations in channel quality in the
frequency direction. The frequency-selective CQI
information includes channel quality information for
each frequency block when the system band is divided
into plural frequency blocks, and the frequency-
selective CQI information is used for scheduling in
a base station.

PMI information is also multiplexed into
the uplink control channel. The PMI information
includes system band PMI information representing
PMI in the whole system band and frequency-selective
PMI information representing fluctuations in PMI in
the frequency direction. The frequency-selective
PMI information includes PMI information for each
frequency block when the system band is divided into

plural frequency blocks, and the frequency-selective
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PMI information is used for frequency-selective
precoding in a base station.

The amount of information in CQI
information and PMI information increases with the
increase in the number of frequency blocks divided
from the system band (the amount of information in
CQI information and PMI information increases with
the fineness of frequency resolution). On the
uplink control channel, the number of bits available
for transmission is limited, and thus radio
resources are periodically given to each user.
Accordingly, when control information such as
frequency-selective CQI information and frequency-
selective PMI information is to be transmitted on
the uplink control channel, there is a problem in
that the number of bits of the control information
may exceed the upper limit of the number of bits
available for transmission on the uplink control
channel.

In view of this problem, it is a general
object of the present invention to avoid the
increase in the amount of information on the uplink
control channel when frequency-selective control
information is transmitted in addition to wideband
control information for the whole system band or a
portion thereof.

[MEANS FOR SOLVING THE PROBLEM(S) ]

In one aspect of the present invention,
there is provided a user equipment terminal for
transmitting control information to a base station
according to a single carrier scheme, including:

a wideband control information generating
unit configured to generate wideband control
information for a whole system band or a portion
thereof;

a frequency-selective control information

generating unit configured to generate frequency-
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selective control information; and

a control unit configured to control the
wideband control information to be transmitted on a
control channel or a data channel and control the
frequency-selective control information to be
transmitted on the data channel.

In another aspect of the present invention,
there is provided a base station for receiving
control information from a user equipment terminal
according to a single carrier scheme, including:

an assigning unit configured to
periodically assign radio resources in which
frequency-selective control information is to be
transmitted;

a frequency-selective control information
requesting unit configured to request transmission
of the frequency-selective control channel on a data
channel using the periodically assigned radio
resources; and

a separating unit configured to separate
the frequency-selective control information from the
data channel.

In another aspect of the present invention,
there is provided a control information transmission
method in which control information is transmitted
from a user equipment terminal to a base station
according to a single carrier scheme, including the
steps of:

periodically assigning, by the base
station, radio resources in which frequency-
selective control information is to be transmitted;

requesting, by the base station,
transmission of the frequency-selective control
channel on a data channel using the periodically
assigned radio resources;

checking, by the user equipment terminal,

the radio resources periodically assigned by the
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base station and generating the frequency-selective
control information;

transmitting, by the user equipment
terminal, the frequency-selective control
information on the data channel; and

separating, by the base station, the
frequency-selective control information from the
data channel.

[ADVANTAGEOUS EFFECT OF THE INVENTION]

According to an embodiment of the present
invention, it is possible to avoid the increase in
the amount of information on the uplink control
channel when frequency-selective control information
is transmitted in addition to wideband control
information for the whole system band or a portion
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows an exemplary configuration of
an uplink communication channel in LTE.
Fig. 2 shows an exemplary configuration of
an uplink communication channel in accordance with
an embodiment of the present invention.

Fig. 3 shows an example of radio resource
assignment of CQI request signals in accordance with
an embodiment of the present invention.

Fig. 4 shows a first example of a time-
relationship between subframes for system band CQT
information and subframes for frequency-selective
CQI information.

Fig. 5 shows a second example of a time-
relationship between subframes for system band CQI
information and subframes for frequency-selective
CQI information.

Fig. 6 shows a format of a CQI request
signal in accordance with an embodiment of the

present invention (in the case where a format for
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scheduling grant is used).

Fig. 7 shows a format of a CQI request
signal in accordance with an embodiment of the
present invention (in the case where a dedicated
format is used).

Fig. 8 shows a block diagram of a user
equipment terminal in accordance with an embodiment
of the present invention.

Fig. 9 shows a block diagram of a base
station in accordance with an embodiment of the
present invention.

Fig. 10 shows a flowchart of a control
information transmission method in accordance with

an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[DESCRIPTION OF NOTATIONS]

10 user equipment terminal

101 CQI (PMI) measuring unit

103 wideband CQI (PMI) information
generating unit

105 frequency-selective CQI (PMI)
information generating unit

107 multiplex control unit

20 base station

201 multiplex determining unit

203 wideband CQI (PMI) information
demodulating unit

205 frequency-selective CQI (PMI)
information demodulating unit

207 scheduler

209 wideband CQI (PMI) information
resource assigning unit

[BEST MODE OF CARRYING OUT THE INVENTION]

With reference to the accompanying
drawings, embodiments of the present invention are

described below.
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<Exemplary configuration of an uplink
communication channel in accordance with an
embodiment of the present invention>

Fig. 2 shows an exemplary configuration of
an uplink communication channel in accordance with
an embodiment of the present invention. In this
embodiment, frequency-selective control information
(frequency-selective CQI information and frequency-
selective PMI information) 1s transmitted on the
data channel. Wideband control information (system
band CQI information and system band PMI
information) is transmitted on the control channel.

Transmitting wideband control information
on the control channel in this manner allows a base
station to perform basic operations once the base
station receives the control channel. On the other
hand, the amount of information in frequency-
selective control information varies depending on
frequency resolution. Thus, assigning such
variable-amount information (frequency-selective
control information) to the data channel avoids the
amount of information on the control channel
increasing. It is preferable that wideband control
information (system band CQI information and system
band PMI information) be periodically transmitted on
the control channel and frequency-selective control
information (frequency-selective CQI information and
frequency-selective PMI information) be transmitted
on the data channel in response to a request signal
from the base station.

Wideband control information to be
transmitted on the control channel includes system
band CQI information (system band CQI information
for a first codeword; for example, five bits),
system band CQI information for a second codeword in
the case of MIMO transmission (a value relative to

the system band CQI information for the first
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codeword; for example, two or three bits), and
system band PMI information (for example, two or
three bits). On the other hand, frequency-selective
control information to be transmitted on the data
channel includes frequency-selective CQI information
(frequency-selective CQI information for a first
codeword), frequency-selective CQI information for a
second codeword in the case of MIMO transmission (a
value relative to the frequency-selective CQI
information for the first codeword), and frequency-
selective PMI information. For example, in the case
of a single antenna configuration, only the CQI
information (system band CQI information and
frequency-selective CQI information) is used as
control information. In the case of MIMO
transmission without precoding among antennas, the
CQI information for the first codeword and the CQI
information for the second codeword are used as
control information. In the case of MIMO
transmission with precoding among antennas, all sets
of information are used as control information.
Frequency-selective control information may further
include control information for a scheduling request.

While embodiments of the present invention
focus on the case where system band control
information (system band CQI information, system
band PMI information, etc.) is transmitted on the
control channel, the present invention is also
applicable to the case where wideband control
information for a portion of the whole system band
(CQI information for a portion of the whole system
band, PMI information for a portion of the whole
system band, etc.) is transmitted on the control
channel. In other words, wideband control
information includes not only control information
for the whole system band but also control

information for a portion of the whole system band.



10

15

20

25

30

35

Similarly, wideband CQI information includes not
only CQI information for the whole system band but
also CQI information for a portion of the whole
system band, and wideband PMI information includes
not only PMI information for the whole system band
but also PMI information for a portion of the whole
system band.

<Example of radio resource assignment of
CQI request signals>

As described above, it is preferable that
wideband control information be periodically
transmitted from the user equipment terminal to the
base station. The control information and the
transmission periodicity of the control information
are reported to each user equipment terminal by
means of high-layer signaling (L3 (layer-3)
signaling) .

On the other hand, it is preferable that
frequency-selective control information be
transmitted on the data channel from the user
equipment terminal to the base station in response
to a CQI request signal (or PMI request signal) from
the base station.

The CQI request signal (or PMI request
signal) may be provided to the user equipment
terminal either by adding a request flag to a format
for uplink scheduling grant or by using a dedicated
format.

When the format for uplink scheduling
grant is used for the CQI request signal (or PMI
request signal), the user equipment terminal
receives and decodes the uplink scheduling grant and
checks whether the request signal is included in the
uplink scheduling grant.

As shown in Fig. 3, when the dedicated
format is used for the CQI request signal, subframes

to which the CQI request signal is assigned may be



10

15

20

25

30

35

periodically determined in advance. The base
station transmits the CQI request signal in each of
the periodically determined subframes. When CQI
information is not needed, the base station may not
transmit the CQI request signal. The user equipment
terminal can receive and decode signals only in
subframes to which the CQI request signal can be
assigned, and then check whether the request signal
is included. The subframes to which the CQI request
signal can be assigned may be reported in advance
from the base station to the user equipment terminal.
Alternatively, the subframes to which the CQI
request signal can be assigned may be associated
with subframes in which wideband control information
is periodically transmitted, as described below with
reference to Figs. 4 and 5. An UE ID (User
Equipment Identifier) is added to the CQI request
signal. In other words, encoding is separately
performed among user equipment terminals.

The use of the dedicated format allows for
a simpler format with a smaller number of bits
compared to the approach which adds the request flag
to the format for uplink scheduling grant.

Fig. 4 shows a time-relationship between
subframes for system band CQI information and
subframes for frequency-selective CQI information,
when the CQI request signal is transmitted with the
dedicated format. As shown in Fig. 4, the base
station may determine transmission timings such that
system band CQI information and frequency-selective
CQI information are transmitted in the same subframe.
Since the base station recognizes in advance
subframes in which system band CQI information is
transmitted, the base station transmits the CQI
request signal such that frequency-selective CQI
information is transmitted in the same subframe as

system band CQI information. In other words, the
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radio resource in which the base station transmits
the CQI request signal to the user equipment
terminal is determined based on the transmission
timing of system band CQI information. When the
base station does not transmit the CQI request
signal, the user equipment terminal periodically
transmits system band CQI information on the control
channel. When the base station transmits the CQI
request signal, the user equipment terminal
transmits system band CQI information and frequency-
selective CQI information on the data channel. 1In
this manner, the base station may determine in
advance subframes to which the CQI request signal
can be assigned.

Fig. 5 shows a time-relationship between
subframes for system band CQI information and
subframes for freguency-selective CQI information,
when the CQI request signal is transmitted with the
dedicated format. As shown in Fig. 5, the base
station may determine transmission timings such that
system band CQI information and frequency-selective
CQI information are transmitted in different
subframes. Since the base station recognizes in
advance subframes in which system band CQI
information is transmitted, the base station
transmits the CQI request signal such that
frequency-selective CQI information is transmitted
in a different subframe from system band CQI
information (or in a subframe with a predetermined
offset from system band CQI information). In other
words, the radio resource in which the base station
transmits the CQI request signal to the user
equipment terminal is determined based on the
transmission timing of system band CQI information.
When the base station does not transmit the CQI
request signal, the user equipment terminal

periodically transmits system band CQI information
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on the control channel. When the base station
transmits the CQI request signal, the user equipment
terminal continues to periodically transmit system
band CQI information on the control channel and
transmits frequency-selective CQI information on the
data channel in a different subframe from system
band CQI information. In this manner, the base
station may determine in advance subframes to which
the CQI request signal can be assigned.

<Format of a CQI request signal>

As described above, the CQI request signal
may be provided to the user equipment terminal
either by adding the request flag to the format for
uplink scheduling grant or by using the dedicated
format.

Fig. 6 shows a format of the CQI request
signal in the case where the format for scheduling
grant is used.

The format for scheduling grant includes a
scheduling grant format, uplink resource block
assignment information, an UE ID, transport format
information, transmission power, a demodulation
reference signal format, TTI hopping information
(intra-TTI hopping), uplink antenna selection
information, and retransmission-related information
(HARQ-related information). For the purpose of
transmitting the CQI request signal with the format
for scheduling grant, the format for scheduling
grant may also include CQI indication with one bit.
The CQI indication is a flag indicating whether
frequency-selective CQI information is transmitted
on the data channel (PUSCH). The user equipment
terminal reads the CQI indication to determine
whether to transmit frequency-selective CQI
information.

Fig. 7 shows a format of the CQI request

signal in the case where the dedicated format is
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used. When the dedicated format is used, only
minimum information may be defined. Thus, a simpler
format with a smaller number of bits may be used for
the dedicated format. Specifically, only uplink
resource block assignment information, an UE ID, and
CQI indication may be defined in the dedicated
format. The dedicated format may or may not include
a demodulation reference signal format with three
bits. The amount of information in the uplink
resource block allocation information can be reduced
by keeping the amount of information for
transmission of the CQI constant.

<Configuration of a user equipment
terminal>

With reference to Fig. 8, a configuration
of a user equipment terminal 10 is described below
in accordance with an embodiment of the present
invention.

The user equipment terminal 10 include a
CQI measuring unit 101, a wideband CQI information
generating unit 103, a frequency-selective CQI
information generating unit 105, and a multiplex
control unit 107.

The CQI measuring unit 101 receives
reference signals transmitted from the base station
and measures CQI.

The wideband CQI information generating
unit 103 averages CQI for each frequency block which
is measured by the CQI measuring unit, and then
generates wideband CQI information. The periodicity
of generating wideband CQI information is reported
in advance from the base station by means of L3
signaling.

The frequency-selective CQI information
generating unit 105 generates CQI information for
each predetermined frequency block upon receiving a

CQI request signal from the base station by means of
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L1/L2 signaling. The radio resource used to receive
the CQI request signal by means of L1/L2 signaling
may be periodically assigned by the base station in
advance. For example, subframes in which frequency-
selective CQI information is reported may be
associated with subframes in which wideband COQI
information is reported.

The multiplex control unit 107 multiplexes
user data, the wideband CQI information, and the
frequency-selective CQI information into the data
channel and the control channel. For example, when
the wideband CQI information and the frequency-
selective CQI information are transmitted in the
same subframe, the multiplex control unit 107
multiplexes the user data, the wideband CQI
information, and the frequency-selective CQI
information into the data channel. When the
wideband CQI information and the frequency-selective
CQI information are transmitted in different
subframes, the multiplex control unit 107
multiplexes the user data and the frequency-
selective CQI information into the data channel and
multiplexes the wideband CQI information into the
control channel.

<Configuration of a base station>

With reference to Fig. 9, a configuration
of a base station 20 is described below in
accordance with an embodiment of the present
invention.

The base station 20 includes a multiplex
determining unit 201, a wideband CQI information
demodulating unit 203, a frequency-selective CQI
information demodulating unit 205, a scheduler 207,
and a wideband CQI information resource assigning
unit 2009.

The wideband CQI information resource

assigning unit 209 periodically assigns radio
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resources used by the user equipment terminal to
transmit wideband CQI information. The transmission
periodicity of the wideband CQI information is
reported to the user equipment terminal by means of
L3 signaling.

The multiplex determining unit 201
determines whether user data, wideband CQI
information, and frequency-selective CQI information
are multiplexed into the user channel (data channel)
and separates the pieces of information. It should
be noted that the multiplex determining unit 201
corresponds to a separating unit.

The wideband CQI information demodulating
unit 203 demodulates wideband CQI information
multiplexed into the user channel (data channel) or
the control channel.

The frequency-selective CQI information
demodulating unit 205 demodulates frequency-
selective CQI information multiplexed into the user
channel (data channel).

The scheduler 207 performs scheduling of
user data based on the wideband CQI information and
the frequency-selective CQI information. The
scheduler 207 also performs scheduling for
transmission of CQI request signals for the purpose
of receiving frequency-selective CQI information
from the user equipment terminal. For example, the
CQI request signals are transmitted based on the
transmission periodicity of wideband CQI information
managed by the wideband CQI information resource
assigning unit 209, such that frequency-selective
CQI information is received in the same subframe as
or in a different subframe from wideband CQI
information. It should be noted that the scheduler
207 corresponds to a frequency-selective control
information requesting unit.

<Flowchart of a control information
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transmission method>

With reference to Fig. 10, a flowchart of
a control information transmission method is
described below in accordance with an embodiment of
the present invention.

First, the base station determines the CQI
report periodicity of wideband CQI information and
the content of the CQI report (information about
whether system band CQI information for a first
codeword is to be transmitted or whether system band
CQI information for first and second codewords is to
be transmitted, etc.), and then reports them to the
user equipment terminal by means of L3 signaling
(5101) . The user eqguipment terminal generates
wideband CQI information according to the CQI report
periodicity and reports it to the base station. The
wideband CQI information is transmitted on the
uplink control channel. Since a subframe for
receiving a CQI request signal can be determined
according to the CQI report periodicity, the user
equipment terminal receives the subframe to check
the CQI request signal (S103). Step S103 1is
repeated with the periodicity reported in step S101.

When frequency-selective CQI information
is needed, the base station generates a CQI request
signal and transmits it to the user eguipment
terminal by means of L1/L2 signaling (S105). The
user equipment terminal receives the CQI request
signal and generates frequency-selective CQI
information (S107). The frequency-selective CQI
information is transmitted with the radio resource
on the data channel according to an instruction from
the base station (S109). When wideband CQI
information is transmitted in the same subframe as
the frequency-selective CQI information, the
wideband CQI information is also transmitted on the

data channel. When wideband CQI information is
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transmitted in a different subframe from the
frequency-selective CQI information, the wideband
CQI information is transmitted on the uplink control
channel. The base station receives the frequency-
selective CQI information and uses it for frequency
scheduling.

While Figs. 3-10 and their corresponding
detailed description refer to CQI information, the
present invention is similarly applicable to PMI
information.

As described above, according to an
embodiment of invention, it is possible to
efficiently use the uplink control channel and the
uplink data channel when frequency-selective control
information is transmitted in addition to wideband
control information for the whole system band or a
portion thereof. While the present invention is
described with reference to the preferred
embodiments of the present invention, the present
invention is not limited to these embodiments but
may be modified or changed within the scope of the
claims. For example, the present invention is not
limited to a mobile communication system according
to LTE, but is applicable to any mobile
communication system in which an uplink control
channel is transmitted according to a single carrier
scheme. Furthermore, while the present invention is
described using examples of CQI information and PMI
information for wideband control information and
frequency-selective control information, the present
invention is applicable to any control information
which can be divided into wideband control
information and frequency-selective control
information.

This international patent application is
based on Japanese Priority Application No. 2007-
258110 filed on October 1, 2007, the entire contents



of which are incorporated herein by reference.



10

15

20

25

30

35

- 19 -

CLAIMS

1. A user equipment terminal, comprising:

a first transmitting unit configured to
transmit, on a control channel, CQl information
which is to be periodically transmitted, wherein
resource blocks at both ends of plural resource
blocks making up a system band are available for
transmission on the control channel and resource
blocks between the resource blocks available for
transmission on the control channel are available
for transmission on a data channel; and

a second transmitting unit configured to
transmit, on the data channel, CQIl information which
IS to be non-periodically transmitted.

2. The user equipment terminal as claimed
in Claim 1, wherein:

the first transmitting unit transmits, on
the control channel, wideband CQI information; and

the second transmitting unit transmits, on
the data channel, CQl information on a frequency
block basis, wherein the system band is divided into
plural frequency blocks.

3. The user equipment terminal as claimed
in Claim 1 or 2, further comprising:
a control unit configured to control
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wideband CQI information and frequency-selective CQI
information to be transmitted on the data channel,
when the wideband CQIl information and the frequency-
selective CQI information are transmitted at a same
timing, wherein the system band is divided into
plural frequency blocks and the frequency-selective
CQIl information i1s formed on a frequency block basis.

4. A transmission method, comprising the
steps of:

transmitting, on a control channel, CQI
information which is to be periodically transmitted,
wherein resource blocks at both ends of plural
resource blocks making up a system band are
available for transmission on the control channel
and resource blocks between the resource blocks
available for transmission on the control channel
are available for transmission on a data channel;
and

transmitting, on the data channel, CQI
information which i1s to be non-periodically
transmitted.

5. A communication system including a user
equipment terminal and a base station apparatus,
wherein:

the user equipment terminal comprises

a first transmitting unit configured to
transmit to the base station apparatus, on a control
channel, CQl information which is to be periodically
transmitted, wherein resource blocks at both ends of
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plural resource blocks making up a system band are
available for transmission on the control channel
and resource blocks between the resource blocks
available for transmission on the control channel
are available for transmission on a data channel;
and

a second transmitting unit configured to
transmit to the base station apparatus, on the data
channel, CQI information which is to be non-
periodically transmitted.
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USER EQUIPMENT TERMINAL, BASE STATION AND CONTROL
INFORMATION TRANSMISSION METHOD

ABSTRACT

A user equipment terminal for transmitting
control information to a base station according to a
single carrier scheme includes a wideband control
information generating unit configured to generate
wideband control information for a whole system band
or a portion thereof; a frequency-selective control
information generating unit configured to generate
frequency-selective control information; and a
control unit configured to control the wideband
control information to be transmitted on a control
channel or a data channel and control the frequency-
selective control information to be transmitted on

the data channel.

Figure 2
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